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Objectives:Upon comp]et1on of this module, the part1c1pant will be able .to

1. C1§% typical-applications of the RBS—system and discuss the magor
features of their-application. &

2. Fully describe the RB§ Gystem and its comﬁonedf? : !

3. D1scuss the biolegy ‘and biochemistry of BOD reductioh and nitrification A
n "the RBS process. A N

4. Discuss fagtors that affect process performance ‘and recommended measures
‘'to assure the-proper performance of the RBSunit. vt

1. Water Pollution Control Federation, 0perat1on of Wastewater Treatment . :
o Plants, Manual of Practice No. 11, 1976 , \
2. Autotrol Corporation, Bio-surf Design Manua], 1972 .
3.. Autotrol Corporation, Operating & Ma1ntenance Manua] fqr the B1o surf .
aste Treatment Process ° 1 ,
4, Ar‘twc]es fron the techmca] 11teratur€' ' Lot -

-

. Reading from references. e . fo
Study of'Handouts C e ' . <

vy | Work sample prob]ems Co - ;
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\L 1. S\Frours
' : 0bJ€Ct1ves Upon completion of this top1c the part1c1pant will be.able to
1. Descr1be and discuss the nature of an RBS, wastewater treatment system,

‘ . its purpose and components. Co,
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Objéctives: Upon cbmp]et1on of this top1c the .participant will be able to-
1. Describe the types of orgaﬁ¥sm3v1nvolved in dn RBS system and their,
biachemical character1st1cs, 1nc1ud1ng heterotrophs and n1tr1fy1hg
bacteria. |- i~
2. Discuss the b1ochem1ca] 1nteract1ons, e=g, a]ka11n1ty destruct1on
*in nitrificatitn, orgahism competition, affect of DO concentrat1on,
_ kdnetic factors, ddnitrification. !

1 3.7 Dgscribe the types of animdl forms and other biota present 1n the RBS

* unit. )
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.~ . .
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Biochemical equat1ons of change and synthes1s

| Irq!§parenc3e§.
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LInstructional Approach: R , ’ T
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Bw su#‘(
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140K basic Biology & App1icatiqns %9 RBS Hnif
Instructor Notes: T Instructor Duttine: '
‘- ~ ] N ) +
TRARS AD-6 . 1. ‘Diséuss the biological -1ife in an RBS > _
Biological Terminalogy .system - -
1 TRQNé‘AD-7 o . . a. Aerobic organic conversions and cell
Biological Activity«- . growth. -Appearance of growth. ,
1. o . ~b: Aerobic nitrification. Observe the;
. : 55 S - ° L dif:érences regarding growth rates,
Ny t ‘ - . " appelarance, carbon _source, etc..
' // . c. Nuisance organisms,’ e.g. filamentous*
‘ L types and anaerobic degradation of
| any. solids accumulation
TRANS AD-8 )
Alkalinity-pH Change ﬁ2. D1scuss pH effects apd a]ka11n1ty destruétum
TRANS AD-9 *he in nitrification.
Effect of pH on N1tr1f1cat1on A . .
TRANS AD-10, AD-]1 © 3." .Discuss the effecf of temperature and the

Effegt of Temperature 1411
Note: See USEPA Nitrogen "\/
Removal Manual and
the Antonie Great
L P]ains article. |

TRANS

AD 12 -

Effect ‘bf 'BOD5 and Hydrau11c

-

Load

TRANS AD-13 - , .
Stages-Nitrification - »

.

TRANS AD-14 \
Kinetics of Nitrificatign

use of correction factorssfor nitrification.
icuss the relationship of BODs, ammonia
odcentration and hydraulic loading on-
,n1tr1f1Cat1on
. . f. . . ,/

N

A

Y

5. "Discuss the relationshiprof inlet ammonia
concentration and number of. stages on - A
n1tr1f1cat1on

6. Discuss .organism growth rates and ammon1a
oxidation rdtes ~

[

‘b.

a.

Nitrite does not accumuiate
. Note ‘the factors Mnvolved 1n ammonia .

AL

oxidatiBn ‘
Discuss other factors e. g , DO requ1rements

7.
and potential den1tr1f1cat1on under anaero-
bic conditions.

8. . Discuss other biological -forms e.q.,

: /
protozoa, rot1?ers, worm«ﬂarvae =

t
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* ,?~ . ObJeCt7V35-*ﬁbon cOmp]et1on of th1s top1c, the part1c1pant will be ab]e to

W N elscuss the primary factors contro]1ng the des1gn of RBS un1$s, e.g. :’h

) ydraulic.loading, COD or BOD concentrat1on NH3 concentrat1on,

) . .staging, rotational speed, temperature.
- | 2. Discuss typical predicted performance 1nc1ud1ng BOD reduct1on, nitri-

f1cat10n, ‘sludge settleab111ty and production.. )

.

~ - . - - .
2 - N .
- >
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, . w ' F]ow variations re-nitrification °
I e. Temperature correct1ons Jfor n1tr1f1cat1on
!t \ ¢ M . « PR .
- ~ o~ 2. Discuss typ1ca1 pred1cted performancg ~ T
_ - . a, BOD reduction - .
" - .. 'b. Nitrification - T
5 ’ : o c. Suspended sotids 1eve1s . £
. R d. Bio-solids settlability and»s]udge
> s th1ckness <. .. .
. e . . -
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‘ .+ _ fModule No:-————~Module Titley -~ . A _
- . ) X " . |Advanced Rotating Bio]ogica> Surface Operation . ' .
- 1140WW . . |Submodule Title: . ' ' S
X q_ Approx. Time: ] ) . Ty y
. ,. ; “ . ) ‘,". : '\ T TOP]C. . ‘w £ ' .07
: - ~ 1 Factors Affect]ng Process Performance w1th 0perat1ona1
»{ 5.0 Hours ’ Changes.

Objectives: Upon .completion of this topic, the participant will be able to
"1 1. Describe and discuss the impact of changing wastewater quality, e.g:,

. %3‘ increase in solids, toxics, pH, loadings, temperature, .ndustrial l‘
. T wastes on RBS unit performance and recommend potent1a] solut1ons
- . L . to these changés.,
_ S 2. Discuss the impact of diurnal flow changes and other flow rate changes
RV . and recommend operatidnal changes. e tL
. &_ . - . ) . . ~
. -~ 5 o~ 4 O . . ) -
H ‘ “ - . ) ]
RN ) S ,‘,,' S
K : Instruct1ona] A1ds . . S - .

T S]1des and Transparenc1es Affect of. wastewater qua]1ty change on performance

v --graphs of effects. . . .
. Equaligedion recommendations. e
’ ’ o
D) ° -, i.
Instructional Approachs v - T
. . -~ - g -
v % g
- ‘\.J . . - .
o, Discussion : - ) oL
. R S . L ) . [N {
r .

P

- ’ N - e
. .

e References‘ _ \ .
S N 1. Yater Pollution Control Federat1on 0perat1on of Wastew* Treatment

" .. "1+ 7+ - Plants, Manual_ of Prattice No. 11, 1976
e .. 2. Autotrol Corporatton, Bio-surf Des1gn Manual, ;1972
o, -} 3. Autot;o] Corporation, Operating % Ma1ntenance’M3nna1 for the B]O subf
oo * . " MWaste Treatment Process s _ g‘
©d ) | 4. Articles from the technical 11terature/ : R ‘ -~
SRR A -4 . .
o . ClassTAss1qnments: T ARk
o.,. ’.; . '." - . . - . A »
-0 Study reference readings. . * '
v Study handout mater1als» L
- R T&' :13>- ) ) .
* It e Lo "~ Y
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FOQ¥J? No: _ Topic: Fadtors Arfect1ng»Process Perfornance w1th T :
:Iiﬁbww. f , Op at1gpa1 Changes .
1mstructor Notes Instructor Outline: ' N X
“10"5 '™ . - .
kg
Note Utilize MOP No]] Cause’ | 1} ‘Discuss the ?mpact &f wastewater quality .
N§ Prevention and Cure Seetiorn on plant, performance and’ note potential-.
ard Autotro] examp]es. / . preventive’ measures 2
N a.’ Increase in solids to un1ts- flow *
. blockage, odors d¥e to anaerobic
- action .
. b.” Toxics may cause loss-of bio-mass ~ - ‘
o . . or decreaged activity e. g, heavy  °
- ' metals, cyan1des, other-~ : .
o,
. : c. Sharp drops on rises in. pH.can
AR espec1a11y alter n1tr1f1cat;on -
g . . rates.  Note'alkalinity availability
\ - . and water chemistry changes
. - ’ d. Increased organic loadings could
, result in decreased performance
. and also affect the extent lof .
) & .+ nitrification < e .
¥ e. Significant drops-in temperature
_ ’ .. may decrease performance.
- TRANS AD-15,.AD-16 2. 'Discuss the impact oﬁ diurnal flows and
Bjo-surf Process Design . surge f10w§,on the bio-mass and final ‘
-, ‘ clarifier performance. Note critical .
Note;:- aspect of . - ; . i
' ' a. Hydraulic 1oad1ng-on RBS un1ts *
. < b. Overflow. rate on final c]ar1f1er, ,
3 : ~ Pl " -> ; ( ' )
'&i - . "
’ ) . - . o
° ¢ 3 > ¢ 2 > o
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Module No:.

1T40WM."

Module Title:

- 5 7

o

. ( a0 .
Advanced Rotating Biological Surface Operation

ApSrbx. Time:

M -
’.

2.5 Hours

¥

Submodule Title:

¢

13

Topic:

s

?59

* A

PBS Plant Mod1f1cations

1.

2..
r
3.

*

&

jject RBS un1t

0bJect1ves Upon ‘completion of this top1c the .participant will be able to
Describe potential RBS un1t modifications on,concepts 1nc1ud1ng air

drive, staging, recycle.
Describe the pqtential- use of chemical addition .to im
on final clarification.
Describe alternate pre- treatment modifications to a

£
perfonnance, ’

prove pre treatmﬁgt

@

.

—

Ipstructiona] Aids:
"Slides or Transparencies:

Air drive system

Typical chem1ca1 additions

-

~

/

‘Instructional Approach:

]

-G RY S
[

4

Plants, Manual of Practice No.

Autotrol CorporaQ1on Bio-surf Des1gn Manua1

" Autotrol Corporation, Operating & Ma1ntenance Manual for the B1o surf
Waste Treatment Process” .

. Articles from the technical literature

-

, 1976
1972

LY

+

Disqussion
References : ) oo
1. -HWater Po]]ut1on Contro] Federation, 0perat1on of wastewater Treatment .

K

W

* L4

- .
th

Class Ass1qnments
Study c]ass handout mater1a1 \

d.-‘u
LA

-

~el "
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Module No: 4 Topic: : . T Ty 5
RBS Plant Modifications .+ . R %
1140WH . y - AN
N T R x :
Instructor Notes:  ~ * Instructor Outline: ¢ o
1. D1scus§ the effect of . stag%ng on perfor-
‘mances, -
- 2. Consider the aspects of recyc]e-s1m11ah
. to a trickling filter-system. Costs ‘and
benefits.
3. Discuss the air-driye concept for power.
' reduction, rotational speed adjustment
o and an additional oxygen .source. - Aero-
tubes can be included for hwgh organic _
1dading applications:» : X7 .
4. Discuss the use-of coagu]ants and coagu-
: 1ant aids to improve solid-1iquid separa-
- “tion in primary units and/or final :
. b clarifiers. .
- " .. ). .a. Bemefits vs, costs _
B ¥ b. Sludge aspeCts
. . 5. Review alternative pre-ireatment processes
{ s . that could be employed.to affect, RBS.
L, . performancé.
~ a. Gritrremoval-use of aerated grit
<~ chambers. e res - s
. b. Use of fine s:reens .
v c. Dissolved air f]otat1on grease and .
.‘ AR a" 01] ‘.o
: d. Other ‘
. , ‘ - 6. Ask participants to c1texany of their
° exper1ehces ‘ .
. : . s
; " -
. :) _‘. .
‘.{; . . . . . .
\ » i . ‘5- » <+ T
/ T
0 §.
. 4 ‘ “
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Module "No: |,

IT40WW

+

§

Module Title; ' . . :

Advanced Rotating Biological Surface Operation

. Approx. Time:.|

.
’

2.5 Hours

-

Submodule Title.:,

h

Topic: _

) :

RBS System: Case Studies

0bJect1ves Upbn comp?et1on of this top1c the part1c1pant will be able to

' { 1. Discuss the app]1cat10n of the RBS system as the primary secondary
i treatment unit ‘and as a n1tr1fy1ng unit in mun1c1pa] wastewater
. treatment’ systems of varying size and type.. e
- , \ \ ':g
« ( ) o .
> .
"

Instructional Aids:.
Slides: and Transparencies:

Case studies including §ladstone Michigan
Emmetsburg, Iowa .

> Spencer, Iowa

- others )

‘e.q. Peoria, I11inois

" M .
‘Thstructional Approach: . . .
. . é!
. Discussion - N
. £ ’w:’
j| References:, j

1976

2

1972 ’

1. Water Po]]ut1on Contro] Federation, Operation of Wastewater Treatment
g Plants, Manual of Practice No. 11,
2. Autotrol Corporation, Bio-surf Design Vanua]
3. Autotrol.Corporation,,Operating-& Ma1ntenance Manual for the Bio- surf
Waste Treatment Process .

Art1c1es from the +echmca] 11terature

Class Assquments

(- - —

L e

b

Study handout mater1aTs regard1ng the case stud1es..;

<
3

. . foee '
17 ' '
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‘Plant Upgrading-Newell
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’ ) : L -~ Page 3 14 . of ; -
\ No: Topic: L . . P
Mde1e no P RBS System: (ase Studies. - - . o
CI140WW . S . ,
ihstructor.Notes: Instructor Outline: " - .
i . . : . I3
.% ‘ L W
TRBNS AD-18 . Discuss casé sttdies) of the use of the
Gdadstone-Flow Diagram , -RBS system . ,
TRANS AD-19 ‘a. Gladstone, M1ch19an des1gned for BOD
Gladstpne- Des1gn Data " reduction but achieved nitrification- -
TRANS AD-20 excellent .set of -data and analysis
Gladstone-RBS’ Configuration - of performance. Note performance data.
TRANS AD-21 b. Emmetsburg, Iowz-B nd Ammonia re-
G]adstone Performance moval plus disinfécdion (Obtain current’
information from IDEQ Staff and Mr
See Malhotra and Antonie articTles Harris of Emmetsburg.) ‘. .
«, regarding Gladstone c. Newell, VWest Virginia v
SLIDES . d. D1scuss additional projects familiar
DS-2 through DS-17 - . to the .instructor
' e. Have students’share their experiences -
TRANS AD-22 -

«

-
/
.
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Module Nox: ~  |Module Title: _
N Advanced Rotating Biological Surface.QOperation
1140WW Submodule Title:

Approx. Time:,

i

i 1.5 Hours

AN

K}
- &

Topic:
N |

¥ f
RBS System:

e

Specié] App]ications

Objectives: ‘Upon completion of this topic, the part1c1pant will be able to
1. Discuss app]1cat1oni.of the RBS.system.fo the treatment of side,stream
flows in wastewater treatment plants including digester supernatant
sludge filtrates, septic effluents.

2. Discuss applications of the RBS system to 'the tﬁ%atment of 1ndustr1q1

wastes,.e. g dairy, cheese, 0il, food processing.

1 T~
v

Instructional Aids: - ~

Transparencies and Slides: Typical treatment gystéms——case -studies.
) ' , *Results of\reported studies, e:g. Chi.San,

- D;str1ct Minn-St. Paul San. Districty .

&

-

o ' E L:.

Fredericksburg and, Hopk1ntonq\lowa,

r

Instructional Approach: . ;o ' B
Discussion

> .' P . « , 3

References: : v , . "%

)
'3

1. Water Pollution Control Federat1on Operation of wastewater Treatment

Plants, Manual of Practice No.,l1,

1976 .

2. Autotrol Corporation, Bio-surf Design Manual, 1972 _
3. TAutotrol Corporation, Operating & Ma1ntenance Manual for the Bio- surf

Waste Treatment Process . ' -
4,

Articles from-the technical literature

-

.

Class Ass1qnments
Study handout materials regarding case stud1es

.9

-
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Modu1e No: - Topic: ) S T
T140MM - - RB%ﬂSystem: Special App11cat1ons ; !
Instrucfbr'Notgs: ‘Instructor Outline: ° Uy
- ¢ -~ P
- TRANS AD-23 ) . . | 1. Discuss speC1a1 applications in- muh1c1pa1
Bio-difk (Textile Waste) , ants !
- - - &. RBS units have been studied for, treat-
TRANS AD-24 ment of sludge treatment® flows e.g.,.
Bio-module = Septic TanKs digester supernatant,. vacupm filtrate,
X : e.qg, Ch1cag§,5an1tary District, M1nn -
. - St. Paul Sanitary District.,
Note: Data on Iowa plants from. b. RBS Units have been suggested to treat
. IDEQ .and plants themselves. " septic tank effluents and similar
Data on additional indus- flows e.g., -imhoff tanks
“trial applications via ® o -
WPCF 1iterature and Auto- | 2. RBS units have been studied for severa]*
. trol in Milwaukee. industrial waste applications and many
: : plants are in operation
_a. Dairy wastes at Hopkinton and
- : Fredericksburg, Iowa- ‘
» b. 01l refinery wastes at Salt Lake .
. City for BQD; phenol and 0i] re-
. . duction
c. Textiles at DuPont (Chattanooga, Tenn.)
) BOD ‘reduction-and nitrification _
Cf;“‘*“~; .
S . : ‘ Jf
%V' - - - K
»\3. . ' i - .
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‘Module HNo: IPZFHNg 1 Topic: References Ut1112ed in Deve10p1ng Tra1n1ng
113qu IIGQJN };‘ P Module Materi a1' ’ .

b Y. ]
Instructor Notes: . . * | Ipstructor-Butline:
' * . o

< . e

C e .. .
Water Poilution Control Federationi, Operatiof
wastewater Treatmént Plants, MOP No. 11, 1976

r

Autotro] Corporat1on,—B1o surf Desf@n Manua]
]972 . . )
- » hd . ' 'V
Autotro] Corporat1on, 0p@rat1ngﬁand Mainte-
.nance ‘Manual for the: B1o surf Waste Treat-
. ment Process - .

.. Autetrol Corp., "Bio-surf Process Package
“Plants for Secondary Wastewater Treatment"
__..,9751121975'\ .o

‘Autotrol Corp., "The Bio- surf Process -
if’(G 3- 876) 1976 7 o<

~
-

L 0. S. E P.A., "Pracess Design Manua] forﬁ\éngyj'
N1trogén Contro]" ‘October 1975 s

ﬁetca]ﬁ & Eddy, Inc. Nastewater Eng1neer1ng, :
MeGraw H111 1972 N o ﬁ" }
C e 2
-Clark, J W., V1essman W.-Jr and Hammer M
~VWater Supp]y and Pollution Contro] 1EP,
) ]917 ) Coos o~ s

" Sawyer; C N... & MeEarty, P. L s Chemastry fon@”
\Sanitary Eng1neers, McGraw H1]1 1967 .. 7

"“APHA, Standard Methods for the Exam1na¢1on of
Water and Has tewater, ]4t|{ Edit. ]97‘5

-~ "

WPCF S1mp]1f1ed Laboratory Procedures for
Wasiqwater Exam1natmon, 0P No. 18, 1970

U.S.E.P.A., Aethods for Chem1ca] Analys1s of, .
Hater an stes, 1974 “» "

Matherr— an]ey~E.J "Plant Upgraded W1th Ro-fd
. tating B1ol,og1ca1jurface System", ‘Pubhc .
WOrks, Jan 1977 e . )

Congram 3 E., "Biodisk Improves Eff]uent-
: Wafer-Treat1ng Operation”,.07T & Gas .
. Uourna] Feb. 1976
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Module No:
T13JWH . TI140WM, -

TT2FWW,

Tgpic:

‘References Utilized 1n Deve1§b1ng Tra1n1ng

Modu]e Hater1a1 R

S

~ L?nstructor Notes:

.Instructor Out]ine:

N

!

9

Nater Po]lut1on Contro] Federat1on gerat1on
 Wastewater Treatment P]ants, MOP No. 11, 1976-

L Atitotrol Corporat1on, Bio-surf Design. Manua]
© 1972 ] ..

Autotrol Corporat1on, Operating and Ma1nte-
nance Manual for the Bio-surf Waste Ireat-
ment Process ] 7~ R

-

Autotrol Corp., "Bio- sorf Process - Package
Plants for Secondary-Wastewater Treatment“
.975-1.1.2,. 1975 - T

Autotro] Corp., “The Bio-surf Process",
(G 3-876), 1976 .
. \
-U.S.E.P.A., "Process Des1gn Manua] for
A N1trogen Contro]" October. 1975_‘

Metcalf &'%ddy, Inc. Uastewater Eng1neer1ng,
McGraw- H111 1972

-

<
Clarks J.W. s V1essman, W. Jr and Hammer, M.,
. Hater Supply and Pollution Control, IER,
- 1977

§awyer,.C N. & McCarty; P.L., Chem1strx,for
San1tary Engineers, McGraw H111 1967

APHA Standard Methods for the Examihation of
E Water and Hastewater, 14th Edit. 1975 .

wPCF Simplified Laboratory Procedures for &
wastewater Examination, MOP No , 1970

U.S.E.P.A., Methods for Chem1ca1 AnalySTs-on
Hater and Uastes, 1974

»*

Mathewr, Stanley E.J. "plant Upgraded With Ro-
tating Biological Surface System", Public
Works, Jan. 1977 S

. Congram G E » 'Biodisk Improves Eff]uent-
Water- Treat1ng Operation", 0il & Gas

- dournal, ‘Feb. 1976 .-
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: ROLE 'of RBS UNITS . .
LT o SECONDARY. TREATMENT ' ‘ S
X - - t‘?\l\f
3 Reductiof™ of BOD by ‘aerobic biological treatment B
. Used in place of a rock tr1ck11ng filter or an .
. : activated s]udge process N
Applied to Mun1cqpa1 and to industrial- wastewater
x
) Oxidize some organics in_industrial wastes N
o\ ¢ : ' ) ,
3 A . ) \
. ) TERTIARY TREATMENT :
. ‘ ] ‘ | .
Decrease ammonja nitrogen (NH3—N) concentration by -
) . , biological oxidation . -
Used a]one or 1n comb1nat1on with other biological
’ . _ " “processes )
\ . . ’
3 . j N .
L3
- “ : !
- o ) R = 2 0y '.. ‘
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SOLIDS DISPOSAL
Rotating biological reactors should be C
secondary sedimentation.
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FIGURE 10-4~feactor catries film of waste

water into the ain Wastewater trickles down
the surface and @bsorbs. oxygen from the air
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. TYPICAL'RBS CONFIGURATION
. N L -
COVERS OPTIONAL __ L ) !
Drive .
: System H‘ oL | | ' v
. ’f‘. ....l :. U] P 4 . br-d . | -
. . —t | 1 . :
Semi-circular ’ b er = -
. Contour Optional R DISCHARGE
EFFLUENT FROM-PIPE TO SECONDARY CLARIFIER OVER WEIR
' ) - : -« OPTIONAL
' IR I x |
° ” ) | ' ‘l | . | T
. T — ; i \ ‘4
Interstége ) s I 2&" PR =
Bulkheads. >
- . v | | 1 | . [}
£ o \ N
1 . Py o !
- : . ’ , >
__l} —TA T4 DRIV A™ - — .
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Motor

Belt Drive
Speed Reducer
Drive Sprocket / «
RS8ller Chain -

Pre-ossembled

-

LOOSE PARTS &
(SHIPPED SEPARATELY),

A, Base Bars:
. * Drive Sole Plate
i ’ Bearing Bases, note (1)

e -

“ SHAFT ASSEMBLY

B. Chain Cosing, complete / BIO-SURF Medio
with seols, dipstick, ond Shoft with Mochined Stub Ends .
. mounting hordwore. Self-Aligning Beagings,'note (2) ¢

";.  Shaft Sprocket

C. Guand for Belf Drive

N ' ..

, = (1) Beoring base for drive end différs from bese for idle end
4%&, (2) Drive side beoring is non-exppdsion type. ldle end bearing is exponsion, 1 "
R o " _ﬂ-1-= R
¥ ' - hY . B ~ '
- - = .
N R g ]
. ‘ : BIO-SURF Media | .- i . -
P The photo shows a cross-section of the BIO-SURF media’ It "
consists of altemating flat and corrugated sheets of polyethylene .
) ‘. which are thermally bonded for strength and long service life. e, . )
. The cormgated-thoegga::avamum-fonned with mtegral radial i T .
. “\. passages. The radial p. geSxallow a free flow of wastewater, . o

air and stripped biomass in and out of the med:a as it rotates.
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. PRO ESS DESCRIPTION ' o .

The BIO- SURF process is a condary biological treatment system t cop-
sists of from 2 meter to 12- foot diapeter corrugated polyethylene med1a,
which is mounted on a hquzonta1 shaft up to 20 feet Tong and p]aced in’

i steel or concrete tank. The medfa*1s rotated at 1.5-3 rpm while about

40% of the surface area is 1mmersed in wastewater.

/
[ 4

/Short1y after start-up, mﬁcrogrganisms begin to grow on the'§urface of

the media. One to two weeks later, the entire surface area is covered
with a 2-4 mm_thickhess of biomass. - . , N

‘Rotation of the med1a a1ternate1y contacts the b1omass w1th the wastew ter

for removal of organ1c mater1ais and exposes it to the air for absorpt1o
of oxygen The amount Qf attached biomass ts relatively large compared to
the amount of wastewater under treatment -- the equivalent of 10,000 to

.20 ,000 mg/1 of m1xed 11quor vo]at11e solids. This allows high degrees of

treatment to be achieved for ge]at1ve1y short retent1on times -- _usually
about one hour for most treatment requirements.-

- F ¢

-

Rotation of the media at.a periphera1 Ve1ocity.of 1.0 foot'per sedond
exerts shearing forces -on the:biomas§ which strips excess biological
growth and prevents clogging. - The mixing action of the media Keeps strip-
ped biological solids in suspension until the flow of treated wastewater

)

carries them to a clarifier for separation and disposal.

~

/

Excerpts from Autotrol Publications ‘

Ve

Power Reguirementg_;- 0.3 hp-hr per pound BOD removed

 Some applications can achieve eff]uents of

- Effluent Quality

N N

' . - less than 10 mg/1 BOD and suspended-$olids
’ « .and less than 1.mb/1 of ammonia njtrogen

. Settling _ - .  Solids settling rate10 t6 15 ft/hour
T ' S Low solids loadings. Can achieve 3 to 4%
™ | s]udge solids . . -

’ Modu]es. - }‘ Can be ofrmoduJar construct1on “to aid ex-

. . pansion
\ I . e A .

Fxom Autotrol Corporat1on pub]1cat1ons
- n TRANS AD-S
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BIOLOGICAL: TERMINOLOGY

!

SYNTHESIS or GROWTH L.
. L . . NEW CELLS, M (Volatile Solids)
FOOD or SUBSTRATE, F ——— ) " .

{(BOD, COD, TOC) - " -

F/M - Food to Microorganism --
. Ratio -

1y

ENERGY & END PRODUCTS*

"* QRGANIC - HETEROTROPHS ¢

e
-

AEROBIC (Presence of D.0.) --- €O, + H,0 = .

.

:
-

4

* ANAEROBIC (Absence of D.0.) -- CH, +CO,

FACULTATIVE -- Can’adjust to presence or absence of D.0.

=

A * INORGANIC - AUTETROPHS o
“ ,:'{i"\ - 7 )

x
\

" NITRIFICATION -- NH3 —s, N0, — NO,

) (Aerobic) (Uses'C0, as carbon saurce) -

[
&

N “PHOTOSYNTHESIS -- Uses C0, as carbon source

, - . Yields oxygen in presén;e of light.
e.g. a]gqe .

L s ’ / -
. . _ ' S n - .
: \ N ° : . TRANS AB-6
bl » .‘ " b
- % 4 . 7; I 4
Q' . - 31
S . ’
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e BIOLOGIGAL ACTIVATY_ T .
/% . ) . * .

. Log | Declining| | g
¢« [“Growth | Growth ; Endogenous
. ] =

Mass of } -

_ Microorganisms

&
BACTERIAL

GROWTH
CURVE

- FIXED FILM
> BIO-ACTIVITY,

-

(AttaEhgq Growth) . " -




N
A ALKALTNITY-pH CHANGE IN NITRIFICATION * .
B OVERALL REACTION:.
» ’ . , P 1
c oy h - - 4o o ] |
/ NH4 + 202 + 2?C03 1—$N03 + ZHZQO"+ HZG' . . }-1
_ When synthesis is peg]ectedl . ' o ’ .
) / . - 7.14 mg of alkalinity is dest‘royéd per mg of .
T ‘ammonia N \y’%‘é‘a . o, )
s nitrogen oxidized - Theoretical

Experimental D

a
63 toa&t mg alkalinity destroyed
mg NH4+_ - N oxidized *

3

- . pH-CHANGE:. -

. ’ . . ’ N :
pH = pK; < Tog [HZCOZ’] , _ S P \
.o . T N . . ]
: [to7] . . ’. ‘
o : ¢ ’
] \ ' [HC03']"1‘S l'”eduqed and [HZCO:;} is increased | o
’ _ Thegeforei - - _ . _
— pH tends to be reduced -- is affected by total alkalinity '
. , ."available & CO2 stripping via aeration & turbulence '
) - ) » ; ' v ' -%:\i \
el . ) t
» A
’ ) N . ... ’-. ’ . ] ¢ ‘ .
/ ] . TRANS AD - 8 :
O ' . . . . . k

.-:33 . L S
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S .. EFFECT OF pH ON NITRIFICATION RATE '
, . _ FIGURE 35 S
R EFFECT OF pH ON NITRIFICATION RATE '
1. ‘ v~ (AFTER SAWYER, ET AL.)
‘—‘}. ( \/ N y . , . .
. / vor—T 1 T 1 Foo o TS i == xl 1
. \ L prat /’ o SR
= - ! ’, /' .o 1’ 0.'. S'.\ \ '
' 80 7 AT o % NS A
3N\ Sy // \ &
S - f y; p - N . \E
. z-q 4 , / N 'o . .
- ; 2 50 _‘i7 - 7 N . o = t h =
A . < & /, . / N o .. . \
. 3 1< P o / D/ / .o I\ / A i
Wi o A/ e .o v st c
=z 40 H I/ / ) 3 e = s .
s / 7 : s
4 r 4 Bs . § : N
T G A ‘ :
W < 20 T >y N Y
= i L8
' O/L L 4 B .l 4 N I B I P |
6.0 7.0 8.0 9.0 0.0
- pH‘ LJ
G ‘ KéY o
+SYMBOL " _ENVIRONMENT ‘ - _REFERENCE’
! A Nitrosomonas - purg culture - _ Eﬁ'gle and Alexander { 40)
B Nitrosomonas - pure culture . Myerhof (41
. 3 C Activated sludge off20 C ) wyer, et ol.'(42) -
| ’ D Activated sludge . owning, et 0l.€(43) "
\ E Attached growth reactor at 22C°  Huang ond Hopson (34) .-
. peo s
~ N —-f ‘

, { .

;
the mtnf cahon rate simultaneously. 1t has been shown that tngtombined effecte#seveﬁl——
}mxtxng factors on bxologlcal growth .can be introduced as a product of Monod type
factors: 46

. u l/‘
N - ¢ ’ ] I\‘ - . ,
po = pe o |—L N L, P S 1))
‘ S N :_N K; +L| Ky + N Kp + P [ S
~— R ) | .
where: L =§ , concentration of growth limitir]g-substanée L - )
) _ N . =  concentration of growth limiting subtance N,
. : A :
o . . ‘P = concentration of growth llmltmg substance P, and]~
O KL’ KN’ KP = half-saturation’ constants for substances L, N, and™P; respectxvely
L ) S — v T .
;. - ) . . ‘ ~ . . ’, . . - o o . ‘
> v ' , o Co 3-15 g
e f .. IRANS AD - 9
EMC - ‘” s f 3 N s . kKN ) ‘R
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C‘O‘\H’ARISO\ OF EFFI:CT OF TEMPERATURE ON \ITR]FFC -‘\TIO\ I-\

SUSPE\DED GROWTH ANIR A'I”I'ACHED GROW TH SYSTE\iS (REFEREI\CE 34)

.‘l [ l . ‘7/ .'
ATTACHED - z
GROWTH

. V
- & )
A
//<;—SUSPENDED GROWTH
i

—_— Busxxell et al. (32)
— T'Haug ¢ McCorfy,( 2)
—,— — ‘Balakiishgon, et al. {33)

« «s = ¢« Huong € Hopson,{34)
—— - —=Downing, et o_l.,,(l?,éa
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TEMPERATURE CORRECT‘IOIY, FACTOR
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TEMPERATURE CORRECTION FACTOR FOR NIT ’, FICATION
INTHE RBD PROCESS (AFTER ANTONIE (53))
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X . - EFFECT-OF BOD5 CONCENTRATION AND HYDRAULIC LOAD ©N
NITRIFICATION IN THE‘RBD PROCESS (AFTER ANTONIE (53)) -
8 ' . *
.. ~ « oo~ 250 150 l‘ 0 100 80 ~"Tpier BOD5 Concentration, mg/2
i ¢ - -
. & 95 Maximum -
- w - —=v—Ammonio Nitragen
& . . Concentration, mg/I
’ X g .
S %o~ .
. < Temperature,
” 8 . M3c
w A. Design Relationship
- . 85+ N, -
4 .
. ’ u NITRIFICATION OF
g PRIMARY EFFLUENT
- .
-~ ; o_ - ——
. 2
z .
o
X
X 75— -
<
; ~(19pd/sq tt =412 /m2/doy)
: < %0 f | | \
. T 0 0.5 1.0 1.5 2.0 -25 . 30 3.5 4.0
{ "HYDRAUL IC LOADING, gpd /5. ft .
: -
foo T T j :
.. ' ) (19pd/sq tt = 41 4/m2fdoy)
. ' - 95— —
3 .
Temperature
. O . ]
- . Experimental Data
’ § B. Exper d3c¢
e * . goL B —
. LA ) .
I NITRIFICATION OF \
¢ 4 PRIMARY EFFLUENT
| X € g5l Inlet BODs'=75 10 120 mg/1 _
2 © Tollohossee, Flo. 95-120 mg/l
b & Pewoukee, Wis. 75-87 mg /I
- S & Spring Cffy, Po. 126 mg/i \ .
e < Ly sol— @ Bloom, Illinais - _
2. B Monstield, Ohia
. ) ‘31 4 Woshington, Po. 120 mg /i .,
« ~ 8 Inlet BODg = 150 to 350 mg/I
X };' - e Tollohosseea,‘Flo 150 to 180 mg/l —
*A Pewoukie,Wis. 220 ta 350 mg/i
- - W Luverne, Minn. 175 mg/I
g o ® Spencer, lowo 210 to 350 mg/!
e ‘e . -
.. - o-_ ., "os 10 - .15 2.0 2.5 30 as 4.0
o - . HYDRAULIC LOADING, gpd/sq f1 )
x ’ () * . ’
.% . - i . . . - 444 i -
o ’..g - % < TRANS AD -»12 .
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STAGES-NITRIFICAT

ION

-

E DESIGN RELATIONSHIPS FOR A

4STAGE RBD PROCESS/

" TREATING SECONDARY EFFLUENT (AFTER ANTON ' (74))

. 100 - =
. ! ] \ e | i i - i
— i N N \“-\\ . - RELATIVE[CAPACITIES ¥
T : FOR STAGEQ, OPERAT 1ON
s — 49{@-95_% trification) __
—e 4 . - .'No. Stages *Rebgtive Capacity
T oL i, 1 °s oo -
\ Y gl S Y
‘ . e O, . .3 . To.s00 —
) vy : . . 4 1.00
o s ,; . O 6 .07 -
- ] . . 1 -
) - 4 N te B 0 ’ .
- . > 85 ; . Conditions N
to § ] Ter_npe\rofure ~x13c
S e »E ; BOD;5-< 20 mg /I
o - =z : N . ) ‘
. v ey go— .Inlet Ammgpio Nitrogen .\ -
W - ~ Q- Conce‘ntro}ior; mg/l 40
‘ @ . rasion,:img/ AR AN
« L R N ¢ < Y. 7
s . -l,; - » \.
- » * g . , A :' * [ ’
. . s 225 — — *
J ) - ; * T ,
s i d - ‘e
E .
<. L -
..‘ w ‘ 70; ’k\ ;.‘-\ s ' 0
- L ! gpd/g& =41 0/i/day
. . . . i
.65 l T i d | :
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v s .
e, . ". .
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KINETICS OF NITRIFICATION
¥ .‘9& .
owth kinctics of Nitrosomonas and ’\ztrobacter Nitrosomonas' growth is llmlted by the
conceptration of ammonia " nitrogen, © while Nztrobacters growth is limited by the
concentration of nitrite. . /‘

The kinetic ¢q tion proposed by Monod!3 is used to describe the kinetics of biqlogicél '
growth of either Nircosomonas or Nitrobacter:

# = ﬁ S ., . . ) “- o (3—10) N
A K>+ S
_ s
where: p = growth rate of\microorganigms, day 1,
. A . i
4 =  maximum growth rate of microb?ganisms, daéy l,~
K

&=  half velocity coﬁstant_ substrate toncentration, mg/l,
at half the maximum growth rate and i

S = growth limiting §{1bstrate concentration, mg/l.

N
> . . RGN . =

s
4

 Sincg the maximum growth rate of Nitrobacter is consid\er bly larger thé.';'i the maximum

. growth rate of Nitrosomonas, and since Kg values for both organisms are less than 1 mg/I-N
at temperatures below 20 C, nitrite does not~'accu’mu]ate in large amounts in biological
treatment systems under steady state conditions. For this reason, the rate of nitrifiergrowth_
can be modeled with eqfation 3-10 using the rate limiting step, ammonia conversion to
nitrite. For cases where nitrite accungul'ation -does occur, other app_\'oaches are
available.14,15,16 ‘ B : :

~

i . qN ‘= (3’11) -0

where: ”I\‘J = Nitrosomonasf- growth rate, day°l;>

‘ﬁN‘ = . peak Nitrpsomonas growth rate, day_l,
~ Av i . »
A KN . e qgs I .
aN. = Y = peak ammonia oxidation rate, 1b NH4 ~N - )
* 'N oxidized/Ib VSS/day, .
- Gy =  ammonia oxidation rate, Ib NH,; - N oxidized/lb vssiaay Lo

YN = organiirp'yield coefficient, Ib Nitrosomonas grown'(VSS) per

s - 1b NH4 - Nremoved, - -

£
. N .= NHZ - N concentration; mg/l, and '
. . ’ KN' = half-saturatior'l constépt, mg/l NHZ -.-N, mg/l. ‘
- 37 Lo O
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p-_' ' K . BIO-SURF PROCESS DESIGN PROCEDURES —
S BOD Bemova‘l : N . | SepticTank Effluent
Hydrduﬁuddmg has been found to be the pnnciple dvsxgn A.septic tank provides a ver simple ‘meahs of pretreatment
cntenon for the BIO-SURF process. To deternune the amount However. it'does prodyce an cffluent vghich is somewhat more
X of BIO-SURF media required for a speuiic application requires . -, difficulCto treat than a fresh waste. Field testing has shown
. simply that the appropnate hydrauhc lsading be selected from that degrees of treatment equal to those on frésh waste are
the figure below. D iding the design-flow by the hudrauhic achieved on septic tank effluent at lower hudraulic loadings. |
. _loading ggte vxe]'ds the amoum of BIO- SURF media surface . * To aligr the septic waste to fresh canditions and dévelop an
area reqiiired. . | acclimated culture requires that the amount of BIO-SURF *
The BOD remioals shown in Figure 1 are for the BIO SURF . media determined for a fresh.waste application be
, process after secondary clarification and do not inchide any increased by 50% for septic waste.”
BOD reduction from primary treatment. When using fine screen- . .
. ing or septic tanks for pretreatment, we suggest that no BOD » Temperature Correction
reduction be credited to the pretreatment. Because the amount g . Wastewater temperatures above 55 degrees F do not affect
1 * of BOD removal by pretreatment is relatvely small. this proce- ; treatment efficifncy. Below 55 degrees F. the BIO-SURF
dure results in just a slight increase in BIO-SURF media, . process, like all biological treatment systems, will show de-
requiremerits angd provides a shghlly conservative basis for | creased treatment iencv. However, by operating at a lower
\ desngn ’ ’, -1 hydraulf loading. equal degrees of treatment can be main-
* The BlO SURF process can be desngned to consnslently pro- ¢ ' .@ined gure 2 shows temperature correction facu?rs which
’ duce effluent BOD of 10,mg: 1. Effluerits of less than 10 mg/] | ate used to increase the amount of BIO-SURF media for
have been produced by the BIO-SURF process when operated , conditions of prolonged low wastewater temperatures. .
at less than its design flow. This points out a significant benefit ‘ . ) ’ )
for thee process in.that it produces a higher-qualitv effluent '. - ‘ o b Lo
when underloaded, unlike other proeesses which have dificulty N BT L
operating efficiently when underloaded. * PR 2 hoostsont e ;
BIO-SURF process efiluents of 10-20 mg I BOD consist of g - 3 —
approximately 1/3 soluble and 2/3 insoluble BOD. Whergeffluent P " \ y
_ quality of les?%{ls(q)hgl BOD are consistently required, tertidry- 8 \\ i )
filtration is fecommende . L 2 31 \\ P I
”~ t 5 . -
. s S i
~1. s - > “‘ . \ - S 28 -1 i \i\ &
AR el N
: k \\\\ ! O AL :‘:v:::;:ﬁn‘nhlm . 's i, I~ S . )
> NEN RN TRk
&d g ) \\ \k\.\ ' I’. 3 hd l l'
pog . N A . ’l » ho N
I: - N \\ \\* | 2 - Wastewate(Temperature °F
B 4 i NoITN 9 — 800 | | “ i .
= b - — : . . ¢ ﬁ
, 3 N N ! Flow Equalization
| AN N i The size of the flow equalization tank folfowing pretreatment is
[+ of - " ».\ 128 ey k-3 . N .
o P determined on the basis of the dailv wastewater flow pattem.
Q.n oo The purpose of the flow equalization tank is to provide a reason-
R ably uniform wastewater flowto the'BIO-SURF process even
S B i d l ., though most of the dailv flow may enter ihie plant over a
’ * ! 2 ) . s 4 i ¢ . relatively short time period. The following are general guidelines
* - 1) i *Hydraulic Loading, "GPD/FT’ for determining the flow equalizalio“n tank capacity: .
% & Daily Period whén Wastewater| Refommended Flow Equaljza- <
gspénded Sohds‘Removal - Flowis Less than 25% 8f , [tiop Tank Capacity as
T suspended solils removal occurs in the BIO-SURF process in ‘Average FIdw Pércent of Daily Flow
.the same proportion as BOD removal. When the process is 5o Hours P %
designed to achieve a specific effluent BOD corfentration. the 0 0 .
: | suspended solids will be at the same or slightly lower . : 4 10 °
concentration. -
’ N R - 6 ~ . 15 -
. . . 8 ) 25 ¥
. * 12 = 33 * ¢
. . . . - 14 A 50 :" ~N Y
- .7-’( - P9 L 16 60
v - < 18 or more .67 ¢
, . / S
* : . A ‘l' . N - -
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.« - ' BIO-SURF PROCESS DESIGN - II . .
Armmonia Nitrogen Removal ™ _ | s T T
Regulatory agencies are beginning td impose r‘equirerpem's for . =
f ~ | theremoral of nitrogenous osvgen demand. NOD. (as ammonia ' ¢
nitrogen) in additwon lo‘BOD and suspended sohids removal., o 38 oo sume PhOCESS
¢ The BIO-SURF process is well-stnted to the removal of NOD. : HITRIFICATION OF PRIMART £FFLUENT
¢ ?because of the natural development of mitnfving. orgamsms in ¢ g l T LET 80D, mor
L the latter stages of muln-stage BIO-SURF ipstallauons. : Z e R ] o
Figure 3 shous the dgsign relationship for ammonta hitrogen . 'g‘ ' — L“‘o
' removal. BIO-SURF’ media requirements for nitrification must ' v , Lot 1
. be compared to those for BOD remioval. and the larger’of the - y 250
, two determines equipment selection. <o 2 ! / //
< * ‘. o . i . ° ; M I/Z )
100 TS BRI ion ¥ ¢ i
- + . zsb\ﬂ\\?\lr\\.\%‘\lr’\let 1800] Co?cen'"aﬂ’on"?g”i ok . /%/
- P - ! ' 0% - P
el \Lor\\t'x m'\uL Ma'ximlur_n }\mrlnoni‘a Nitrogen § - /44/
. o \ B Concentration, mg/t. 2 s b
- ® I \ ° N \ N - . ///
H ; s NN AN SO I I S o e
. E 9 [ - N \‘ \ o [ i
. ( u:: ' ’ I : \ \ \ \ l \ "o wm 7 % 'Y °© *» = 100
‘ 5 edocess) & A T\ % NI ‘
L 8 «] BIOSURF PROCESS . 4 % Ammonia Nitrogen Removal
5. NITRIFlCATION\OFPRDMARY\EFFL\UENT \\ | ; 9 . :
: o AN S| \
. o AR l'c "'\ L. . H B + -
ol E i Pl Vi \ \ | | 41 Temperature Cormrection
‘ E T N IR IRY \\ | " Nitrification efficiency is also decreased by low wastewater
R S an + ' Y YA ﬁ * tgmperature, Figure 5 contains temperature correction factors
- * o . .Region Of Unstable | 1 \ | | + which will compensate for the low temperature conditions,
L R Nitrifucatuorl\ l“"“\~\ l . ‘
hd > A P S MR W N :
° »n 1 ! 5 ,: & l \s t \J , - ’ -
] \‘! 2.5 1.0 1.5 2,0 2.5 3.0 1.5 O 0 .
3. 7 i i 10-SURF P PO/FT? ) 2 T T T
S B -"Y Hydraulic Loadingon B rocess, G D/.FT ) %Ammonia Mitrogen Removal__ |« | ] N
‘ " : 't - I TS T e s 55\ l' »
P : g = TEMPERATURE CORRECTION FACTOR
Septic Tank Effluent DU : N NN FOR NITRIFICATION ~_
;| Asfor BOD removal. the lower treatability of septic wastes , £ ”\\x i
© % | requires 50% more BIO-SURF media for nitrification. . T 0 AN N Y _ .
il . i - ! £ ) \ &
! |' Peak Flow Correction ~ . : 6 ) SR
j : .
! With widely varying flow conditions, there is the danger that - 5 4 . s \\ ~
S nitrifying bacteria may be di§plag:éd from the lartér stages by - .- \\\ N
. "] -the more rapidly growing carbon-oxidizing bacteria. To avoid ; “ 8 -, \\\\\
£ <52 | this; itisTiecessary 10 pi pﬁﬁﬁ%ﬁ%‘f BOD . g
of from enten‘ﬁg the latter stages. Figure 4 indicat t o -
able peak to average%ﬂow conditions which will achieve this.. . ) s S -l
o If the actual peak fo verage flow ratio exceeds the allowable . . — > Py ———
value, either flow equalization must be included or the average . ;
© design flow must be increased along with the required BIO- S : Wastewater Temperature,'F oo
o SURF media area. . : . y . . .
= ‘ . - . Eqiipment Selection__~ -
r s T v N - .
- - " |. Whenthe appropriate amount of BIO-SURF media surface
* T ¢ | areahas been determined from the preceding design proce-
. v 1 dures; the desired form of BIO-SURF process equipment can
: . be selected from the followingpages.
&, i * e . . . . . '
- a r - -
- ’ -~ v -
' . ) . s ot ’ , - - -
o ' : ¢ - -
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Figure 1. Air Brive 3.2 meter pilot plant, 50,000 gpd, City of Minneapolis. &
Continued testing of the proven' BIO-SURF process has re- withdrawn through a con-
sulted in new developments which’significantly affect capital trol valve for each shaft
& and operating costs. . - and distributed through
One such new devetopment is an alternative drive system for the header ‘beneath
BIO-SURF shaft assemblies: ¢ the rotating media, ‘
BIQ-SURF AIR DRIVE SYSTEM " The simplicity of this
The air drive is shown schematically in Figure 2. It consists of drive system is attrac- b
" attaching plastic cups around the outer perimeter of the tive for larger treat-
media. The shaft of the media is installed in the tank in the ment plants employ-
normal manner. A smail air header is placed belok the media Ing a large number of
. and feleases air at afow pressure into the attached cups. The BIO-SURF- shafts.
caplured air exerts_buoyant force. which in turn exerts a Rather than having,
torque on the shaft sufficient -for rotation, Air cups are not many individual 'me-
placed over those portions of the media containing a radial Chanical drive ‘Sys-, : ' !
passage’ opening. Thus. approximately 20 percent of the re- tems, there are now- . :
leased air escapes into the radial passages and flows upward . only one or two cen- . > R
into the corrugated sections.’ . tral blowers deliver- Figure 2. Air Drive schematic.
v i ir through com- . . o~ S
The supplementary aeragjon achieved from the cup arrange- Ing air m- S
ment is sufficient to allonw a reduction*in rotational velocsty - MON headers to drive a large number of. shafts. This signif-
. of the media while stil achieving the same degree of treat. icantly reduces overall Mmaintenance requirements and altows
- ment. This. offers the potential for redoction In power con- ndividual adjustment of rotational speed for each shaft. -
sumption for a given application and makes the inherent Individual speed adjustment enables the operator to optimize

~ energy-saving characteristics of the BIO-SURF process even i -power consumption by reduc
more dramatic, ' - ;

Figure 3 (over leaf) is a drawing of a full-scale BIQ;SURF duced. For plants operating at less than design flow, rota-
plant with an air drive system. A blower delivers airsa)o‘%-;g_psi tiona'l‘_speed‘ €an be further reduced 1o minimize power
through a common header. An air-volume of, 125-2 m- is consumption. .
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’besign l;eér . 2000
y Population Equivalent . 10,000 ,
d -, Bopg. | : 1,670 1bs/day (758 kg/day)
. 8§ SR 2,000 Ibs/day (908 kg/day)

Average Dally Flow 1 0 mgd (3,785 cu m/day)

Reak Flow . ’ z 88 mgd (10,900 cu m/day

°

/

Raw Sewage Pumps

a

- - 3@ 1,400 gpm (88.3 1/sec), 2 variable
| . speed, and'l constant speed (lag pump) .
Primary Clarifier_ . One _rectangular 70,000 gallon (265 cu m)
g _ ) capaclty with 1.5 hour detention and 895
. . gpd/sq. ft, (36.5 cu m/day/sg m) overflow
‘ Tate.

Bio-disk iJnits ~f'wo parallel paths with three shafts and

L . six stages in each, 30 minutes retention
A ‘ : and 1.94 gpd/sq. ft. (0.097 cu m/day/sq m)
AN ‘ hydraul}g\ loadmg rate
Bio-disk Effluent Pumps Same as raw sewage pumps
Secondary Ciar,ifiers " . Two rectangular, 2.75 hour detention and

: 620 gpd/sq. ft. (25.3. cu m/day/sq m)

overflow rate .
. .
‘dhlorine, Contact Two baffled tanks with total retention of
35:minutes - N

¢

Primary Digester® ™ .. One fixed cover, 100,000 gallon (378.5
- - 2 . cu. m) capacity with 15.5 days detention

N at'design loading, heated and mixed by

~

) - gas'rec’frCUlagion .

Seconda'ry Bigéster NN ) ‘ "One,. floatmg cover, 100,000 gallon

e " (378.5cu. "m) capacity with suoematant

, . dlscharge to raw wastewater wetwell

Tank Truck. : One, 2,500 g&llon (9.4 cu. m) capacity’
\Drying Beds . Ad)o1n1ng san1tary landfill site, 600" x

. . 7. 200" (183 mx 61 m) without underdrains
Liquid Alum S{@ra‘gg _— Two tanks; each 2 600 gallon (8.8 cu. m)

. . ‘ capacity .

© [N

4
1 4

Bar screen grft‘chambers commmutor alum and polymer feeders, sludge
' pumps, chlorlne feeding equ1pment are all de‘s1gned for a peak da11y flow of
+2.88 mgd (10, $00 cu. m/day) , -
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*SUMARY AND CONCLUSIONS
o \

< 1. "Pﬂot stucxes for mummpal wastewater treatment using the bio-disk proc

A

t
1nd1cated that operatlon without primary treatment wou’d necessuate at least

©

fine screemng of wastewater to avoid accumulauon OI strings and debrls on

spacers and shaft‘s Operation with Drlmary efflident indicated that the proces

B

was very stable and effectwe for providing overall BODS removals of 80 to
92 6% and that at same hydraulic loadmg, the BOD removal dropped; by about

1% for each 1°C (1 8°F) drop in temperature of the wastewater

2. The're\sglts of these studies were used to design 1.0 nigd (3,875 cu. m/t
day) facility to p;ovide secondary treatment with phosphdrus removal for the

City of Gladstone,l\Mi‘chigan which has been in operation since March 1, 1974.
. - . s
. <

-

Durin; the last ’12—months of operation wi;h about 7 mg/1 of alum and 0.8
.mg/1 of hqmd amo(uc polymer (Nalcolyte 677) added fter the bio-disk units,
“the_effluent BOD 1s generally less than 10 mg/1, su pended sohds about 15

mg/1 an}total phosphorus less than 1.6 mg/l

. e

The plant was not designed for nitrification; ho ever, because of lower
hydraulic 1oadmg, ammonia mtrogen was generdlly gbout 1.0 mg/] during

summer months and less than 8. 5 mg/1 during winter months.

. €
- L d

e

S. The high degree of treatment and mtrlflcatlon achleved resulted in reduc-

‘tion in chlorire dose from a level of 6 to 7 mg/1 to a level of 2to3 mg/l

6. Recyclying of secondary sludge to the primary clarifier resulted in a

substantial reduction in the total volume of sludge pumped*daily to the anagrchic

. &,
digester.

,TRANS AD -
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STANLEY E. J/ MATHER
“Senior Enginder® s
NUS Corporation

THREE.YEARS age the U.S. En-
‘ uronmental Protecuion Agency
(EPA) and the State’of West Virginia
requested the Newell Company,
w hich ow ns and operatesthe guisting
primary sewage treatment.plant for
the cuty of Newell. West Virgina. to
‘upgrade 11s plant to a secondary
treatmem~y'stem 10 meet the 95 per-.
cent BQP feduction. suspended sol-
- 1ds and' phegphorus removal.

Newell ig an uruncorporated town
and 1s therefore not under a mumci-
pal Bulhéru_\'. Hence the exigting
plant was designed by .
Barckhoff Associatesy Salem. O
tn 1955 and built by th& Newell Com
pany 1n 1938 to serve the city o
Newell as a primary treatment sys-
tem. In fact. the Newell Company

ow.ns and runs both the Wwater supply
and sewage treaiment systems for
the ciuizens of Newell.

Newell has a populatian of 2.300.
with an average sewage flow of
180.000 gpd. The onginal design flow
for the exisung nrimary treatment
plant was 250.000 gpd. The present
average BOD of incoming wastewa-
teris 430 mg'L and the average sus-
pnded schds s 600 mg L. The flow 1=
completely domestic, without indus-
trial wastes.

Newell Company engaged th
* Cyrus Wm. Rice Division of the NUS

-

Corporation to study the problem,

“ *and provide a sewage treatment
pPrant that would megt EPA require-
ments, while at the same time have
lew anmun! operation and masinte-
r.ance costs. AffeR d.flerent methods
ef upgradirg the plant were consid-
ered. the B;U-Surfprocess. rhanufac-
wured by Autotrol Corporation, "was

-~ selected on the basis of economics.

Ypplication was made to the De-
“paitmentof Natural Resdurces, S:ate
of West Virginia. for a permit to con-

soruct @ facty wath a design flow of
s0u.000 gpd. The design was ap-

1

proved &nd the plaml which isdueon
sreain n Jure, 1677, 1s(cur:'c-m!;
uncer construction.

»

) ' - V‘-.\ \' (4
S loxica!l Surfa

The "existing primary plant con-
1ains a comminutér with a by-pass
bar screen. a“Parshall Qume flow
recorder. grit chamber, and primary
clarifiers followed by a chlorinator.
The sludge 1s digested anaerobically
and air-dried on-sand beds. The
propdsed addition converts the plant
(8 secondary treatment. The Bio-
Surf umitss followed by final clarifica-
uon and disinfection. «

The Bio-Surf section is the main
component of the process and is
made up of a series of 12-foot diame-
ter high density polvethylene sheets
vacuum-formed into corrugated sec-
tions in order 4o provide  the -
maximum surface area for microlal °
-growth, The total surface area in.
stalled) on the 25-foot long shaft 1s
88.000 square feet. There ateaWo of
these shafks making a total suriace
area of 176.000 square feet.-Each 1s°
divided into four stages with the flow
through the tank bein paraliet to 11
shaft and perpendicular to the .
media. The effluent from the primary

.clarifiers flows,to the multi-stage

Bio-Surf sectioh where fixed aerobic
cullures ¢f microorganisms remoye
both dissclved and suspended or-
game matter from the wastea ater.
Part of the organic matter 1s
.'rgilzed to carbon dioxide ;12’%3 wa-
Jter. partis synthesized into adgi.anal
blo-mass. and part 1s stored. in the =
bie-mass for onidation and <svnthesis
al 4 later ‘ume. Simdltanecusly, as

‘addimonal bio-mass 15 generated, ex.’

¢e:s biv-mase 1s stripped from the
fuieting medie by the shearing forees
«xTiad by the wastews-er,

- b . s

.

Each stag’e of media operates as"a
completely mixed. fixed-film biologi-
.cal reactor in which there is ]
dynami¢ equilibrivh between the
rate of biological growth and the rate

- +of sloughing of bio-mass. Treated

wastewater and sloughed big-mass
Pass over weirs 1o each subsequent
stage of media As wastewater passes
from stage to stage 1t undergoes a
prog°resswely increasing degree of
treatment by specific biological' cyl-
tures which are adpated to.1Ke
-changing wastewater., Bio-Surf sect .
tion effiuent € not recirculated and
the power requirements 1o operate
the unit¥ are negligible.

Excess bio-mass anpd treated

" wastewater deaving the last stage of

the medid pass to two Spiraflg circu-
lar secondary clarifiers. manufuc-
tured by Lakeside Equipment Cor
poration: Here the incoming wasift
efiters’at the tank periphery and t})fe
clarified effluent .is drawn out ofer
weirs at the center. Provision has
been made 1o withdraw sludge and
skimmings from these clurifiers that
can be returned either 1o the sludge
digester or to the inigt end of the
existing primary setthne tinks. Final
disposal of digested sludge after dry=—
Ing 1s removed by«truck 1o lunifill or
dumping. 7

Clarified effluent flows o a
chlorine eontact tank- A chiorae re.
sidual‘. as supulated by the reavilatory
agencies, s maintained.by Wallace
& Ticrnan gas chlornaor which wil!
be adequayg
seconda:y
then dicgh)
Ohio Rner.

t

R0 sernve the upmraded
plant  Final ut’!';u;m S
ed direetly G the
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PAGE 41 "BIO DISC SYSTEM SHRINKS BOD 90%"
REMOVED PRIOR TO BEING SHPPPED TO EDRS
FOR FILMING DUE TO COPYRIGHT RESTRICTIONS.
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BlO MODULE AND BIO MODULE Sl—LAFT COY\IFKGURATIONS

.
. ]

The following are several sugqcsted configurations wn which to’ \

employ BIO-SURF process equipmennt for pachage plant

applications. Whit® the configurations of Figures 6. 7.and 8 ,

show BIO-MODULE units in steel tankage. thev are also
apphcable in BIO-MODULE SHAFTS in concrete tankage. i

Aerobic Prétreatmient ot
Several aerotyc pretreatmen aliematives can be utilized to

precede BIOMMODULE uins and BIO-MODULE SHAFTS.

These include primary clanfiers. combined pnmary clanfier and

sludge storage (Imhoff-tank) or any of the recently dex eloped
fine-screening devices. The use of combxined primary clarification

and slydge storage with a BIO-MODULE unit is shown in .
Figure 6. Secondary shudge from the BIO-MODULE is retumed.
to thepretreatment sustem for storage and digestion. Because
package plant applications often experience extreme fluctua-

tions in flow. it is often reco:%:nended that an aerated flow
equalization step be utilized afier pretreatment before entering
the BIO-MODULE unit. This results in a higher treatment capac-
ity and permits a more economical-design for the- BIO-MODULE
units or BIO-MODULE SHAFTS and the 5ubsequem clarifica- ’

tion and disinfection steps. ,
=, T
f{, —~— . ! )
o \ m»y
| i i

1

" treatment is needed %ﬂy several days each week .

cess regardless of the.pattem of raw u astewater flow. Septic
tank construction can be-of steel or concrete. depending upon
cost. soil conditions. and regulatory agency requiremerits.

Selection of an appropriate septic tank retention time. when

followed by BIO-SURF process secondaryffeatmient, 15 done  —
primarily orf the basis of sludge digestien and storage capacity.

"Field.testing has shown that a 12-honr retention time will yield

about one year of continuous operation before removal of sludge
for uliimate disposal. On this basss. a 12-hour septic tank”
retentien time is récofnmended for most applications. |

During extended periods of Iittle 01 no wastewater flow. BIO-
SURF process effluent can be pumfed to the septic tank for
recirculation. This will provide sufficient organic matier to
maintain an active aerobic biomass on the media until normal
wastewater flow is resumed. This practice is recommended in
applications such as recreational areas where wastewater

Side-by-Side Configurations . ,
In the side-by-side configuration (Figure7). gravity wastewater “-
flow to the BIO-MODULRunit is it%hzed_ Raw wastewater en-

ters the septicank for primary treatment and overflows into the
flow equallzatlo?ﬁank. The flow equalization { tank is connected

to the lowest point'of the BIO-MODULE feed chamber. At the
begmmng of a daily flow cucle. the wastewater level in the
equalization tank will be at its lowest point. As the flow. cycle
progresses, the equalization tank will begin to fill: and the

tising level in the BIO-MODULE feed chamber will cause the
bucket feed mechanism to deliver wastewater at an increasing

rate. At the endrof the peribd of flow. wastewater in thes
equalization tank and feed chamber will be at their highest

levels: and the bucket {)ump will be pumping at its highest rate.

— 3 /4 During the balance of the daily flow cucle. where there s lirtle
=~ or no raw waste flow, the level in the equalization tank Will be
34050 Lo pososiAt canenn v pumnped doun by the bucket pumps.until the beginning of -
another flow cycle when it is again at its lowest level. Operating
) m this manner. the BIO-SURF process experiences a cyclic
wastewater flow pattern where the peak flow is approximately
- 1.5 times the averdge regardless of the-pattem of raw waste- -
. . water flow. In cases of extrerne surges of wastewater which .
¢ ) exceed the capacity of the equalization tank, the excesscan
6 BI0-MODULE WITH PRIMARY CLARIFIER AND SLUDGE DIGESTION ¢ overflow from the feed chamber directly inte the stages of i
\ N media and receive full secondary treatment.
Septic Tank Pretreatmient - - ) ¢
For the range of wastewater flous from 5. 000 to 75.000 gpd. : .
primary treatment and sludge handling can be accomplished : « X ’ .
simply and effectively with a septic tank. A septic tank by itself ) ) . SURGE FACH SIMODULE Y .
is a crude means-ofwastewater tragtment. However, in combi: ° LT . K“"”‘" To SEPTIC TANK =
nation with BIO-MODULE units or BIO-MODULE SHAFTS. Ly o .
it provides for a very simpleffotal treagnent system. Eoeee e =3 I roarvee
Two configuratiens of a treatment system with a BIO-MODULE . T\\* 1 )
and septic tank are shoun conceptually in Figures 7 and 8. For wregwt [ \__ A ’ errLutnr
each of these configuratiops, the treatment systemy is con- W /7,1;“' ST e | e
structed in two parts = the septic tank amd a flow equalization | gl "7;5‘.’."“"""’}‘/,,‘ i T esous !
tank. For low wastewater flows. these two tanks mav be con- . | 1{’////’/ A : ' : ‘
tained in a single tank. For higher flows, they can be separate : N L ‘1
tanks. The septic tank portion of the pretreatment sustem pro- . ‘: , (] s i 2ome .
vides for removal of settleable and floatable materials. It also’ ! | reerat
provides for digestion and storage of secondary sludge solids. ; »
N 4
)
-ar::&jm: k;q}‘:elduas;;:‘;:’2?::;%?8"3885{2?;{9;2};?:“ 7 BIO-MODULE UNIT WITH s'E:lc TANK PRETREATMENT

[

— 4

relatwely uniform flow of wastewater 20 the BIO-SURF pro-

SIDE BY SIDE CONFIGURATION
- ) \

Q i} l 49 . |
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N
C. Study the food-m1croorganTSm oxygen -end products interaction
" in bio-film process (Trans AD-7).
b
D. Study the various biochemical interactions in the system.
1. Note pH effects and alkalinity destruction in n1tr1f1cat1on
(Trans AD 8, AD- 9) .
2. Note the effect of‘%empera;nre in nitrification (Tgans AD-10,
AD-11). . :
/ T
3. Note the effect of BODg—NH3 concentr
loading on nitrification (Trans AD-

fons and hydraulic .

4. Note the effect of stage$ nitrification‘(Trans AD-13).
5. Note the factors affect nitrifying bacterial growth
and ammonia reduction. Note the rate Timiting step.

(Trans AD- 14)

‘ N
E. 'Observe the add1t1ona1 types of biological life present in.a
. system and what they indicate.

1. Filamentous organisms - substrate changes ‘ K

o  ,”'51_ -

~“‘~“‘: - . 3 . /
) w3 O
- ’ e .
‘» . ' .
- ..
71140ww ADVANCED ROTATTNG\BIQ*\91CALwSURFACE OPERATION ‘f\P * S
. STUDENT QUTLINE ~ ~ " oo T
" Note: Part1c1pants w111 receive a copy of each {ransparency_used _ i
*_in the presentations. Participants should own,or receive
WPCF Manual of Practice No. 11, ,Operation of ‘Wastewater
_ Treatment Plants. Appropriate chapters in the Manual
should be stud1ed for each top1c E .
If poss1b1e techn1ca1 brochures and art1c1es fram manu-
'\ facturers "and/or the literature could also be provided .
- for the student participant.
I. RBS System: Rev1ew of Purpose and Components . , .
A. Note the role of RBS systems in treatment (Trans AD- 1) &
" B. Study the process components and the mechanisms by which
_ it functons (Trans AD-2; AD-3, AD-4, AD-5)
I® Basic Bio]ogy and Applications to RBS unit \ .
A. Study the types of organisms espec1a11y aerobic heterotrophs
and autotrophs in an RBS unlt (Trans AD-6). -
. B. Study growth rates, synthes1s and affect of food ava11ab111ty
‘ - and type. (Trans AD-6, AD 7) Z ‘

a3




*2. Protozoa - prey on bacteria- ' + - - A

3. Rotifers - stable; low organic levels s 4 1

III. Process Design and Predicted Perfannance

-~ " A. Study the primary factors affecting BOD reduction and nitri-
fication in the RBS system (Trans AD-15, AD-16). .

1. Note the major significance of hydrauiic 1oading
2. Note the effects of BOD concentrat1on, NH? concentrat1on,
tempeyature, flow variation and” rotationa speed..

* .B. Note typical performance-regarding BOD Suspended Solids and
— ° NH3 reduction and sludge settleability (Trans AD 5, AD-15,
AD- ]6) .,
oL e

IV. Factors Affecting Process Performance w1th Operat1ona] Changes

(Note: Prior Trans-re- des1gn of un1ts and cause- cure sect1on of
MOP No. 11) o

»

A. Note the impact of changing Water quality. ' - R

1. Increase in solids ]oad1ng flow obstruct1on and odor
potential- 1mprove pre- treatment :;/__ff o

2. Foxic substances- 1nterfere w1th bio- act1v1ty requ1re
. . industrial pre-treatment.
7 A
" 3. pchﬁanges decrease rate of nitrification- ad3ust chem1-
cally and/or 1ndustr1a] pre-treatment. — - E
4. *Loadings- decrease in p]ant performance-improve pre- treat-
ment or a]ter stag1ng and hydraulic loading. '

5. Temperature drop. - decrease in perfonnance alter hydrau]1c
]oad1ng, heat building_or housed air supp]y -
¢ H
B.— Note the impact of flow rate var1at1ons and cons1der equa]1za-
t1on (Trans AD-15, AD-16). SN

V. RBS Plant Modifications P -

- A. Study unit modifications e. g., staging, hydraulic loa¥ing,
recyc]rpg and use of-air drive system (Trans AD-17).

B. Note the potential of chem1ca] addition e.g., po]ye]ectro]ytes,
- * coagulantaids, etc. to 1mprove solid- ]1qu1d separation.

ke ’
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: “ C. Review/a1ternate prettreatment processes to- achieve ;re-t}eatment.'
1. Dissolved air,flotation - 0il, grease _ — .
. ‘ 2. Fine scfeenihg - solids . . ) ’
3. Aerated grit remova1 - grit plus DO, - o .

4. Chemical treatment' - pH, nutrients, toxics
\ . T
VI. RBS System: Case Studies  /

*

A.r Observe the app11cat1on of the process via s11de presentations
< E . of operat1ng facilities e.g., Emmetsburg, Towa.

. - B. Study the Gladstone, Michigan operat1on (Trans\AD-]S, AD-19,

. AD-20, AD- 21) , ~ . .
ca ] "* 1. Note system design --§€;ging.
R 2. ANote affect of pre-treatment. E 4 .
3. Note process perfermence and temperature effects. "3 P
?. Note_spemicai additions". o : ( : :
_ . 6.-‘Study Newell, West V1rg1n1a RBS system ) ~
. §t>‘ B ‘_yIf. RBS System: Spec1a1 App11cat1ons . ‘. t '-’ ) ' '
. {'” A, Note applications of the RBS system for o

1. Sludge treatment side stream organic oxidation and nitrifi-
cation -‘Minn. St. Paul; Chicago San. District

< 2. Treatment of septic tank effiuents (Trans AD 24)
& R "B. Note applications of the RBS sysgem~for treatment of industrial - )
X ) "7 - wastes. ) (
o : ' 1. Textile wastes, - (frans AD-23) '
- l. ) -
2. Dairy wastes €.g., Hopkinton, Fredericksburg
- . . 3. Others ) S -
' . )
.‘ - ‘ \ / ’ ‘\ '4 .
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* The questlons for the Ba§1c Level'ﬁodule should be used as
deslred by the 1nstructoﬁ and evaluating group. ’
The topical coverage for thﬁ intermediate and advanced°modu1es
is generaflly qu1te similar. The following questions are
provided for use in either module. The 1nstructor and
evaluating group can make the appropriate selectlons.

~
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RBS unit performance decreases %ith very low wastewater temperatﬁres,
"in the 40's and low 50's (°F). This can be corrected by housing the
units in a building (Emmetsburg) and heating the air or by providing,
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the construcgion of the umits. |

N

One/r—“the primary.advapfages aited for the RBS process is its
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3. What are two pre-treatment re%g;rémepts°for-RBS units?
(a) . . l? - @;

-

‘

(b) .

For a=g1ve:\EB§\system-f1xed media area-, you could increase .the-% BOD
removal by decrea51ng the  hydraulié loading that is 'lowering the flow
rate to the dlsks. ‘ .
v . s T Cs

A procedure that couldsbe utilized to 1ncrease BOD removal, in the RBS
system is .

a. Increase the hydraullc loading on the disks

b. Hold the pH between 6.5 to 6.8
"c.. Increase the number‘f stades _. -
d. Increase the hydraulic loadlng on the .final clarifier

AN

Wastewater temperatures between 55 and 85°F hawve llttle or no effect on
BEO-SURF (RBS) process- performance..




‘4%e alkalinity of the wastewater can be reduced in RBS, systems practicing

nitrification. - v
T F' 8., The optimum pH range for mitrification appears to be 1n the 870 to 9 o -
’ - range. . . .

' 8.- The rate of nitrification decreases with

o L4

L4 )

a. decreasing DO concentration below 3.0
) b. increasing.BOD/NH, ratio in tlre wastewater |, : '
v . c.. decreases in the.wastewater temperature .
T 4. All of the abiove f ) _ o
. * ‘).‘
‘T F 10. For a given influent BOD concentration, as you increase the hydraulic °
5 loading you decrease the percent ammdnia removal .o }

?

y J) 11. A white fllamentous growth on the . contactor mldea is indicat{@e of
. Lo i
' .a. ngh CaCO levels o >
b. Septic wastewater and high H_S
. . c. High rotation speed and lime additions Y
T OF 12. pH control is not as, critical when BOD removal 1s the goal. A range of g
’ « 6,5 to 8.5 will nqggaffect process efflclency ; <
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" . 13. What operating equifment is checked more frequently for malntenance
‘e requirements? B .
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> Answer the questions followlng the plant data o0

; e Data Flow 3.0 mgdq Maximum Plow~4 8 mgd

L

- . BODs: Influent 220 - = : o )
{ . Prim Effluent 155 © ; .
} . . . Finalj Effluent 20 . . . v i
; . . \~ ‘ .
5‘_ . Final Clarifiér:. 70 ft. 1n diameter - { ‘
gf 8 ft. depth S ’ !
? -1, Determlne the .per cent- removal of 'BOD in the prlmary unit and the whole o
i . ) plant.. PR 3 , . P et
. . j 'f > $ 4 ’ ; M ’ -
1 S ' 15, How many pounds per‘day of BOD“is dlscharged to the, stream? ,; o
3 » s 4 - H . - b
g ) * 16. Assume the total bi -dlsk area is l O0,000 square feet,‘calculate the :
§ ) hydraulic loading f r average flow d-maximum flow conditions? e - ﬁ
5 > '_'\ & 3 ) ) ’ '
‘ 17, What would hagpen t? plant perfbrmance if the maximum flow lasted for
*  several days? . . e -
.. , . / e
... X8y Determine the overflow rate and detention time for the final clarifier.
) 3 N N .
19. If the maximnm flow? rate was of short Quration and occqrred frequently
C what Fguld be"; one';o modlfy plant operatlon wlth (ncreaslng the disk area?
. ' . T ."‘ . ' b
‘o | A ‘55} L
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